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1. Introduction 

The pref l igh t  o r b i t a l  and reentry data fo r  

dezvous mission (Gemini V I )  are presented herein. 

t h a t  only trajectory-oriented information i s  included; Cree a c t i v i t i e s  
and experiments are  omitted. Because of the  magnitude of the computa- 

t ions  required t o  provide a complete t ra jec tory  prof i le ,  t h i s  report  
will not be updated t o  r e f l e c t  minor changes; such changes will be in- 

corporated in to  the real-time mission planning. Thus, the enclosed i s  

intended t o  serve as a t ra jectory guideline fo r  mission preparation. 

The reader i s  urged t o  examine references 1 and 2 for  information per- 

ta in ing  t o  typ ica l  mission variations due t o  a delayed spacecraft l i f t -  

o f f .  

he first Gemini-Agena ren- 

It i s  emphasized 

2.  Mission Objectives 

The mission objectives for  Gemini V I  as s ta ted  by €he Gemini Program 

Office are: 

Primary Objective - Demonstrate rendezvous and docking with the  Gemini- 

Agena Target Vehicle (GATV) using both the spacecraft and Agena capa- 

b i l i t i e s  as required. 

Secondary Objectives - 
1. 

closed-loop mode. 

, ,/- --\ 

?.J 

1 
i 
1 

Conduct rendezvous and docking using the onboard radar/computer 

.c 2 .  Have both p i l o t s  conduct multiple dockings under various l igh t ing  &a 1;. conditions. 
* . *  

3. 

4.  Demonstrate reentry guidance capabi l i ty  and landing p i n t  control.  

Evaluate a t t i t ude  and t ranslat ion capabi l i ty  of docked vehicles. 
1 

4 

5 .  

6. 

Evaluate spacecraft command o f  the GATV i n  the  undocked mode. 

Determine useful l i fe t ime and ground control capabi l i ty  of the 

v 

GATV. 

I 
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7. 
t ions  and ranges. 

Evaluate the  v i s i b i l i t y  of the GATV under various l igh t ing  condi- 

8 .  Conduct systems t e s t s  and execute in- f l igh t  experiments.. 

A f l i g h t  duration of two days i s  also a secondary objective of the  m i s -  

sPon. I f  a l l  other objectives are  completed i n  time, the f l i g h t  ma.y be 
terminated i n  the West Atlantic recovery area (16-1) a f t e r  one day; how- 

ever, t h i s  report assumes a two-day mission. 

3. Nominal Flight Plan 

The nominal t ra jec tory  data have been computed using equations of mo- 

t i on  representing a three-degree-of-freedom point mass under the inf lu-  

ence of an  oblate ro ta t ing  ear th  with ro ta t ing  atmosphere. 

de t ic  and gravi ta t ional  constants used represent the Fischer El l ipsoid,  

and the a l t i t ude  density model used was the  ARDC 1959 atmosphere (with 

a K-factor of .75). 
loop reent ry  guidance were simulated using Gemini Computer Math Flow 6 
(IFM Document No. 64-528-00021) . 

The geo- 

The terminal phase of the rendezvous and the closed- 

3 . 1  Summary of Nominal Mission . 
The Gemini V I  spacecraft w i l l  be launched one revolution a f t e r  the CATV 

launch and w i l l  rendezvous with the GATV during the fourth spacecraft 

revolution. 

Figure 1, Page A-16.) The spacecraft will i n i t i a l l y  be inser ted i n t o  

an e l l i p t i c  87-146 n. m i .  o rb i t  and w i l l  trail the GATV by about 1050 

(A graphic p r o f i l e  of the rendezvous phase may be seen on 

n. m i .  A s m a l l  apogee 

height adjustment maneuver w i l l  be made by the spacecraft, at the end 

of i t s  first orbi t , ,  t o  place i t s  apogee 15 n. m i .  below the GATV or-  
b i t .  A t  second spacecraft apogee, a phase adjustment maneuver bringing 

The two o r b i t s  w i l l  be essent ia l ly  co-planar. 

perigee up t o  about 117 n. m i .  will be performed, thus producing the 

desired range of about 140 n. m i .  between the two vehicles at the t h i r d  

apogee. A t  the  t h i r d  apogee the spacecraft o rb i t  i s  c i rcular ized at 
an a l t i t u d e  of 146 n. m i .  'About one hour eleven minutes l a t e r ,  as 

c 

-- . 

c 
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t he  spacecraft enters darkness, the nominal 130' terminal phase in t e r -  

cept maneuver i s  performed. 

below and 30 n. m i .  behind the  GATV, will employ the  onbomd closed- 

loop terminal guidance technique with an i n i t i a l  th rus t  of about 32 
fps  along the  line-of-sight t o  the  GATV. 

33 minutes l a t e r .  

This t ransfer  maneuver, from 15 n. mi. 

Rendezvous will occur about 

After i n i t i a l  docking the crew will perform various experiments and 

will rest for  about seven hours. 

occur at spacecraft elapsed time of 18:27:00 ( f ive  minutes p r io r  t o  

sunset) with a spacecraft retrograde maneuver of seven fps .  

F ina l  separation from the  GATV will 

The spacecraft w i l l  remain i n  approximately a 156-161 n. mi. o r b i t  

u n t i l  r e t r o f i r e .  

the  end of the 29th revolution, a f t e r  about 46 hours i n  orbi t ,  for re -  

en t ry  i n t o  the west Atlantic recovery area (30-1). 
o c c u  at about 46.75 hours a f t e r  l i f t - o f f  (10:25 a.m.  Eastern standard 

time, E.s .t .) . 

Retrof i re  for the two-day mission will occur near; 

Splashdown will 

3.2 Gemini-Atlas-Agena Tazget Vehicle (GAATV) Launch 

The GAATV w i l l  be launched from Cape Kennedy Launch Complex 14 a t  a 

G.m. t .  of l5:OO:OO (10 a.m. E . s . t . ) .  

GATV i n s e r t s  i n to  a near-circular 161 n. m i .  o rb i t  at an inc l ina t ion  

of 28.87'. 

About 9.1 minutes l a t e r  the  

The GAATV launch azimuth w i l l  be biased t o  the East (from 
83.7' t o  about 85.7') t o  provide f o r  a yaw steer ing maneuver during 

A t l a s  sustainer burn so that the  GATV o r b i t a l  equatorial  nodes will 
be sh i f ted  about 4.2' t o  t he  east. 

17 minutes of ear th  ro ta t ion  and provides a l i k e  s h i f t  i n  t he  Gemini 

plane launch window, thus effect ively giving 17 additional minutes 

fo r  GLV yaw-steering launch opportunity i n  the same-day launch win- 

*% - 4  G 4 

This s h i f t  i s  equivalent t o  about . 0s 
1 

- 1  

dow. The o r b i t a l  elements of the GATV at inser t ion  .are as follows: 
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Time of elements, t = 54545.1 seconds of G.m. t .  

Semi-major axis  a = 21903605 i n t  f t  

Eccentr ic i ty  e = .OOO7 

Inc l ina t ion  i = 28.8723' 

Argument of perigee up = 94.5364' 

I n e r t i a l  ascending 

[ X - a x i s  referenced 
p r io r  t o  launch] 

Mean anomaly 

I n e r t  i a1 veloci ty  

no de oA = 71.4319' 

through Gkeenwich at midnight (G.m. t .  = 0) 

M = .9043' 

v = 25368.6252 fps 

I n e r t i a l  f l ight-path angle 

I n e r t i a l  heading angle 

Geocentric l a t i t ude  oc = 28.7300 

Geodetic l a t i t u d e  , qjd = 28.8925 

Earth longitude = -60.3035 

y = .00064 

4 = 92.9935O 

Radius R = 21888133 i n t  f t  

Local a l t i t ude  above 
the oblate  ear th  h = 161.0675 n. m i .  

.. 
P 

3.3 Gemini-Titan Launch 

Nominally, the Gemini VI configuration will be launched from Cape 

Kennedy Launch Complex 1-9 a t  a G.m.t.  of 16:40:52 (11:40:52 a.m.E.s.t.) 

with the  Gemini Launch Veh5cle (GLV) launch azimuth at 92.8' eas t  of 

north. 

value such t h a t  a small amount of GLV yaw steer ing i n  second stage 

will place the Gemini spacecraft into the ta rge t  plane. The GLV T a r -  

geting Display, page A-40 and the Spacecraft Launch Window p lo t ,  
page A-17 can be examined for detailed information of t h i s  area. 

0 "  8 * 

-. w 

The launch azimuth w i l l  be biased from the 94.9' p a r a l l e l  
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Twenty seconds a f t e r  second stage cutoff a t  an i n e r t i a l  velocity of 
25730 fps,  the  spacecraft will separate from the  second stage of the  
Titan booster by f i r i ng  the two aft th rus te rs  of the o r b i t a l  a t t i -  

tude maneuvering system (OWIS). This w i l l  provide the  spacecraft 
w i t h  an i n e r t i a l  velocity of 25740 fps and r e su l t  i n  an 87-1-46 n. m i .  

e l l i p t i c a l  o r b i t .  

by about 1050 n. m i .  

A t  th i s  time the  spacecraft w i l l  trail the  GATV 

The o r b i t a l  elements of t he  spacecraft at inser t ion,  following the 

10 f'ps separation, are  as follows: 

Impulsive time = t = 60424.83 sec G . m . t .  

a = 21634545 i n t  f t  v = 25740.276 fps  

R = 21438320 i n t  f t  

h = 86.7612 n. m i .  

3.4 Midcourse Rendezvous Maneuvers 

A quick survey of the spacecraft maneuvers required for the  nominal 

rendezvous can be made by examining the  Docking I n i t i a t i o n  (DKI) 
and 3ummaf.y Maneuver Table (SNT) Displays, pages A-41 and A-42. 
Table I1 l i s t s  the  maneuvers required for  the  en t i r e  mission. 

3.4.1 
t i a l  spacecraft o rb i t ,  a one fps posigrade burn i s  required at f i rs t  

perigee (NH = 1.5) t o  raise apogee about .5 n. m i .  The Detailed Ma- 

neuver Table (DMT) for  t h i s  maneuver, page A-43, gives additional 

Height Adjustment (NH) - Due t o  the e f fec t  of drag on the  i n i -  

. 
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information. 
w i l l  no doubt be larger but should occur at about the same time i n  

Due t o  even s m a l l  insertion dispersions, t h i s  maneuver 

any case. 

at ground elapsed t i m e  ( G . e . t . )  of 1:35:23 are: 

The o rb i t a l  elements after a one fps impulsive maneuver 

Impulsive time = t = 65775 sec G.m. t  . 
a = 21635516 i n t  f t  

e = .009133 

i = 28.8766' 

u+ = 111.0940° 

nA = 70.4705' 

M = .8798O 

V = 25741.3 fps 

= .00810g0 

= 1O1.667go 

G~ = 26 .602i0 

qjd = 26.7564' 

A = -89.6353' 

R = 21437935 i n t  f t  

h = 86.6211 n.  m i .  

3.4.2 
G . e . t .  of 2:19:14, the spacecraft w i l l  begin a posigrade horizontal 
AV addition of 53.5 fps t o  bring up perigee t o  about 117 n. m i .  
T h i s  reduces the catchup rate from about 6.68' t o  4.51' per orb i t  and 

provides the  necessary phase relat ion at the  t h i r d  apogee. 

fo r  NC1, page A-44, displays t h e  detailed information. 
elements following an impulsive maneuver of t h i s  magnitude are: 

Phase Adjustment (NC1) - N e a r  second spacecraft apogee at a 

The DMT 
The o r b i t a l  

Impulsive time = t = 68440 sec G.m. t .  

a = 21725225 i n t  f t  v = 25369.09 fps  

e = .003363 

i = 28 .8771° 
op = 112.3196' 
oA = 70.2302' 
M = 180.1775° 

y = -.000595 

Q = 78.0844' 
G~ = -26.4991' 

h = 79.5438' 
R = 21798305 i n t  f t  
h = 145.1935 n. m i .  

gd = -26.6531' 

. 
c 
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3.4.3 Co-ell iptical  Maneuver (N ) - Near the th i rd  spacecraft apo- 

gee the crew will perform the maneuver which aligns the spacecraft 

o rb i t  line-of-apsides with that  .of the Agena while producing the de- 

s i red 15 n. m i .  height difference at both apogee and perigee. This 

s l igh t ly  pitched (+4.5') posigrade maneuver of 52.4 fps i s  i n i t i a t e d  

a t -a  G.e.t. of 3:48:34 with the AFT thruster  (DMT, page A-45). 
th i s  time the spacecraft trails the GATV by about 140 n. m i .  and 

should have onboard rad= lock-on. The o r b i t a l  elements following 
the impulsive, pitched maneuver (AVx = 52.2, AVy = -4.1, AV, = 0 i n  

platform coordinates) are: 

SR 

A t  

Impulsive time = t = 73800 sec G.m. t  . 
a = 21814195 i n t  f t  V = 25421.82 fps 

e = .00076956 

i = 28.8775' 

w.p = -77.4921O 

flA = 69.7530' 

M = 10.7863' 

= .008258 

= 77.6886' 

= -26.3285' 
@C 

G~ = -26.4817' 

A = 57.5619O 

R = 21797703 i n t  f t  

i 
h = 145 ~ 8 7 . 2  n. m i .  

3.5 Terminal Phase Maneuvers 

Fuw minutes (a G . e . t .  of 3:52:34) a f t e r  i n i t i a t i n g  the co-e l l ip t ica l  

maneuver, the crew will switch the computer t o  the rendezvops mode 

and begin t h e i r  terminal phase systems checkout and procedures, thus 

monitoring the catchup parameters (Figures 5 ,  7, and 8, pages A-20, 

A-22, and A-23) for about 71 minutes pr ior  t o  i n i t i a t i n g  the in te r -  

cept t ra jectory.  The Geminin  Flight Plan, reference 3, should be 

consulted for  the detailed ac t iv i t i e s  during t h i s  phase. 

i. 
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3.5.1 
dezvous intercept  maneuver w i l l  be a burn of 32 fps along the  l ine-  

of-sight t o  the GPTV and w i l l  comnence at a G . e . t .  o f  4:59:58, Ebout 

one ninute  after entering darkness. 

time w i l l  be approximately 34 n. m i .  

Terminal Phase I n i t i a t i o n  (TPI) - The nominal w t  = 130 0 ren- 

The range t o  the  GPCV at t h i s  

The Terminal Phase D i g i t a l s  D i s -  

*$.a* 9 PlW, , detdls  t he  initial rmeuver  . This pitched (27') \ 

- +  . posigrade burn with the AFT thrus te r  has platform components of 
*; . 

d AVx = 283, AVy = -14.5 and AV = -.6 f'ps and results i n  the  follow- -f .. "..* 
2 r 

ing spacecraft elements : 

Impulsive t i m e  = t = 78070 sec G . m . t .  

a = 21869972 i n t  f t  

e = .003363 

i = 28.8947' 

wP - - -149.3540' 

QA = 69.4443' 

M = 8.2242' = -41.5233' 

V = 25454.8 fps 

y = .02766O 

(I = 113.3269' 

G~ = -17.6740' 

od = -17.7856' 

R = 21797165 i n t  f t  

h = 144.4874 n .  m i .  

3.5.2 Intermediate Corrections - Twelve minutes after the i n i t i a l  
impulse, the f i rs t  intermediate correction (u t  = 81.8') i s  displayed 

t o  the mew. 6 V -  The platform vector components (AVx = -1, AVy = -1, 

I .  

c 

. .  

~ 

AV = 0) are t h r u s t  out separately t o  maintain l ine-of-sight,  thus z .---r"r. I- I 

t he  cost i s  2 fps .  Twelve minutes later,  at a G.e.t. of 5:24:21, 0 .  

t he  u t  = 33.6' correct ion i s  applied (AV = 0, AV = -2, AV 
After completing the 33.6' maneuver, the  range i s  about 4 n. m i .  and 

the crew begins a semi-optical approach t o  the GATV. 

= 0 ) .  X Y Z 

3.5.3 
t i c a l  velocity-matching maneuver at a G.e.t. of 5:32:40 i s  about 43 fps.  

Terminal Phase Final izat ion (TPF) - The magnitude of t h e  theore- 
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1, 

However, since the  cormand p i lo t  will be controlling the f i n a l  ap- 

proach by semi-optical techniques, additional fuel w i l l  be used. The 

estimated propellant budget (Table I, Page A-1) r e f l e c t s  t h i s  plus 

the other f u e l  costs.  

i s  shown i n  figure 4 , page A-19. Figures 6 and 7 show the r e l a t i v e  

p-. such as range, range rate, and p i t ch  and yaw look angles. 
I n i t i a l  docking should occur by the  t i m e  the  vehicles pass over 

H a w a i i  a& six hours after l i f t -off ,  toward the end of the fourth 

spacecraft revolution. 

The re la t ive  t r a j ec to ry  f o r  t he  terminal phase 

3.6 Act ivi t ies  Following I n i t i a l  Rendezvous, 

I n  the  tw? revolutions following i n i t i a l  docking, the crew w i l l  per- 

form various experiments which have been assumed t o  be insignificant 

t o  the  t r a j ec to ry  since most maneuvers during the  experiments 'will 
be s m a l l  and out-of-plane. Reference 3 should be consulted f o r  de- 

tai ls  but a b r i e f  summary is given here: 

a. Three docking practices i n  various l igh t ing  conditions 

b .  Gemini-GATV l a t e r a l  translation check 

c. D - 3  (Mass determination experiment) 

d. Gemini-GATV a t t i t ude  control check 

e. D-2 (GATV photography) 

f .  Platform parallelism check 

g. SPC loaded yaw maneuver 
_cu_ 4-.*-....,,\ 

After completing these ac t iv i t i e s  at about a G.e.t. of nine hours, t he  

crew w i l l  begin a seven hour res t  period while docked with the G M V .  

3.7 Final  Separation from GATV 

A t  a G . e . t .  of 18:27:00 during the 12th revolution, the  spacecraft 

will separate from t h e  GATV with a retrograde maneuver of 7 fps ,  
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about 5 minutes p r io r  t o  entering darkness over Carnarvon (CRO). 

separation will provide proper re la t ive  conditions for an Apollo 

sextant sighting experiment involving the  GATV and the  star back- 

ground. 

at perigee and will lead it by about 18 n. m i .  a f t e r  one revolution. 

Thus the f l n a l  Gemini o rb i t  will be approximately 156-161 n.  m i .  
u n t i l  end-of-mission r e t r o f i r e  and the spacecraft willcontinue t o  get 

ahead of the GATV by about 18 n. m i .  per revolution. 

The 

The spacecraft w i l l  f a l l  below the GATV by about three n. m i .  

py).... * 
! e  

4 
4 .*1-- * - *.""..% ,..47 

. I  

3.8 Nominal End-of-Mission Retrofire 

A two-day mission w i l l  be terminated with r e t r o f i r e  at a G.e.t. of 

46:10:20 at a west longitude of 168.7' during the  spacecraf t ' s  29th 

revolution. 

( 2 7  N/62 W) 
Should t h e  mission be ended a f t e r  one day, r e t r o f i r e  will occur at 

a G . e . t .  of 23:40:50 with recovery i n  the  west Atlantic a lso.  

t a i l e d  r e t r o f i r e  and reentry data a r e  given i n  Appendix B. 

, Splashdown will occur i n  the west Atlantic recovery area 
at a G.e.t. of 46:45:45 (about 10:25 E . s . t . ) .  

De-  

. 
L 

, r i  * 

-. 
c 

- 

4. GATV Act ivi t ies  Following Spacecraft Touchdown 

4.1 Simulated Late Rendezvous Missions 

Ground control intends t o  exercise the GATV a f t e r  spacecraft touch- 

down t o  gain f'urther information of i ts  capabi l i t i es .  

w i l l  probably simulate typ ica l  rendezvous mission maneuvers requiring 

i 

The exercises 

j e  t he  GATV; i . e . ,  plane changes and dwell o rb i t s .  They w i l l  begin about Q.- 
t 
i 24 hours a f t e r  spacecraft touchdown when the  GATV again passes over 

North Am- Documen€~at.ionivr~G35ng these exercises will originate  

from t h e  Fl ight  Control Division. 

, 
' C J  

4.2 F ina l  GATV Orbit 

Following the  exercises mentioned above, the  ground w i l l  command the  

GATV t o  a high a l t i t ude  (about 220 n. m i . )  such tha t  t he  o rb i t  can be 
circular ized.  The GATV, i ts  f i e1  essent ia l ly  depleted, will be l e f t  
as a po ten t i a l  t a rge t  f o r  f'uture Gemini  missions. /-\ 

1 
~ d' 
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5. Additional Information 

Also included i n  t h i s  report are- the ground t racks f o r  the  space- 

c ra f t  through two days of o rb i t a l  t r ave l  and f o r  the GATV through 

f i v e  days of o r b i t a l  t rave l  (pages A-26 t o  A-39). 
network s ta t ions  and ships can be found i n  Table 111, page A-3. 
The network coverage tables for the spacecraft and GATV are on pages 

A-4 t o  A-15. 
f u r  various Agena and spacecraft a l t i tudes .  

The locations of 

Figures 9 and 10 show o r b i t a l  periods and catchup rates 



- 12 - 

DEFINITIONS OF RENDEZVOUS SYMBOLS 

M - The number of the spacecraft apogee nearest the rendezvous 

point (M = 4 i s  fourth apogee rendezvous). 

N - Denotes in-orbit  maneuver l ine  counter. Apogee point i s  
, U 5 .X, perigee point is N = X.5, common nodal (plane change) Q 

* a  

ut% 1 

points  are N = X.25 or  X.75. 

. - SpZcecraft apogee height adjustment maneuver performed at - l a - ,  " 
perigee end of maneuver l i ne  (i .e. ,  NH = 1.5 denotes height 
adjustment near f irst  spacecraft perigee). 

- Spacecraft phase adjustment maneuver performed at apogee end 

of maneuver l i n e  t o  change the catchup r a t e  ( i  .e., Ncl = 2 

denotes phase adjustment near second spacecraft apogee. ) 

NC1 

- 0  

- Spacecraft co-el l ipt ical  maneuver, generally one apogee l e s s  

than M. 

down of the catchup r a t e  ( to  about 2.3 deg/orb.) for  the  re- 

maining spacecraft t rave l  pr ior  t o  terminal phase in i t i a t ion .  

NSR 
"SR" stands for  "slow rate," denoting the slowing 

TPI - Terminal Phase In i t i a t ion  = t i m e  at which the spacecraft 
executes the f i rs t  mmeuver t o  intercept  the target .  

TPF - Terminal Phase Finalization = time at which the spacecraft 

would theoret ical ly  apply the velocity-match maneuver t o  ren- 

dezvous with the target .  

. 
h i  

t 
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1.0 s m  

, 
' .. 

The Zollaring text, tables,  and figures are presented as an Appendix t o  
the  mission plan f o r  the  Sixth Gemini-Titan Flight (Gemini VI). 

2.0 DISCUSSIOX 

Trajectory data included herein has been computed on an IBV 7094 using 
equations of motion representing a three-degree-of-freedom point mass 
under the influence of an oblate rotating ear th  with rotat ing atmosphere. 
The ARDC 1959 atmosphere was the  alt i tude-density model used. 
geodetic and gravi ta t ional  constants used represent the Fischer Ellipsoid.  
Launch azimuth, aerodynamic coefficients and other required constants 
a re  l i s t e d  i n  Table 11. 
data used t o  generate reentry data, given i n  Table IV(a) through IV(d), 
is  outlined in  the  following references: 

The 

The method used f o r  backup s teer ing command 

a .  Memorandum fo r  Chief, Flight Operations Division, "Backup , 

reentry guidance and control procedure for  Gemini I' dated October 29, 1963. 

b. Memorandum t o  Assistant Director for  Fl ight  Operations, ".Reentry 
s teer ing procedure for  GT-3" dated January 7,. 1965. 

c .  Memorandum t o  Chief, Mission Planning and Analysis Division, 
"Method f o r  calculating r e t r o f i r e  t i m e  and backup reentry s teer ing  
commands f o r  G e m i n i "  dated February 16, 1965 

3.0 msmm 
Table I presents major launch phase events and associated geodetic 
parameters. 

Table I11 is  a l i s t  of the  primary and contingency reccwery areas t h a t  
were chosen based on nominal l i f t - o f f  and inser t ion conditions. 

Figure 1 is a diagram of the effect ive th rus t  angles of the  o r b i t  a t t i t u d e  
and maneuvering system. 

Figure 2 shows t he  m i n i m  allowable perigee a l t i t ude  (75 naut ica l  miles) 
as a f'unction of V i  and y i  fo r  various inser t ion a l t i tudes .  

Figures 3(a) through 3(g) present the  o r b i t a l  parameters, apogee, perigee, 
t r u e  anomaly, and period as a f'unction of i n e r t i a l v e l o c i t y  and f l i gh t -  
path angle a t  various a l t i tudes .  
is  t o  present a method t o  determine h a, %, 8, alld 7 fo r  a dispersed 

The primary purpose of these f igures  

. 
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V i ,  vi, and h a t  insertion. 

Figure 4 presents Gemini V I  o rb i t a l  limits w i t h  the c r i t i c a l  heating 
l i m i t s  and the "skip-out" region as a f'unction of apogee and perigee. 
For various e l l i p t i c a l  and circular  orbits,  the resul t ing reentry con- 
di t ions at  s= 
and f l ight-path angle i n  figure 5. 
the following references : 

f ee t  a r e  presented as a function of r e l a t ive  velocity 
For further c la r i f ica t ion  consult 

a .  Nemorandum for  Distribution, 63-mp24, "Heating and skip-zone 
l i m i t s  a t  35oooO f ee t  for  Gemini V" dated July 2, 1965. 

b. Memorandum f o r  Distribution, 65-m3-26, "Orbital limits and 
reentry spider graph for  Gemini V" dated July 9, 1965. 

Figure 6 presents the maneuver capability footprint  fo r  landing area 1-4 
based on the insertion vector withoutperforming any maneuvers. 

Figure 7 presents the maneuver capability footprint  fo r  landing in area . 
3-4 based on a vector after the Ncl = 2 maneuver. 

Figures 8 and 9 present the maneuver capability footprints f o r  landing 
areas 16-1 and 30-1 based on a vector after the  spacecraft 's 7 fps  
separation maneuver. 

Figure 10 presents the ground elapsedtimes of t hebeg in  and end blackout 
events f o r  spacecraft reentry in to  area 30-1. 

F. 

r 

-1' 

Figure 11 presents the tracking s ta t ions acquisit ion and loss in elapsed 
times from r e t ro f i r e  fo r  reentry in to  area 30-lbased on a 0 degree 
elevation angle from the site. 

Figure 12 presents the re la t ive  velocity and f l ight-path angle fo r  the 
reentry sequences of events during reentry in to  area 30-1. 

Stagnation convective heating r a t e  and dynamic pressure time h is tor ies  
fo r  reentry in to  area 30-1 are presented in figure 13. 

Reentry time h is tor ies  of t o t a l  load factor and Mach number f o r  reentry 
in to  area 30-1 a re  presented i n  figure 14. 

Figure 15 presents the spacecraft l ine-of-sight range from the Agena 
a f t e r  t he  7 fps separation manewer by the spacecraft. 

The t ra jec tory  of the spacecraft w i t h  respect t o  the Agena afier the  
spacecraft 's  7 f p s  separation maneuver. 

t 

-. 

_. 
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Separation range, azimuth, and elevation (R, A, E )  of the booster with 
respect t o  the G e m i n i  V I  spacecraft are shown for  approximately 5 
revolutions in figure 17. 
insertion without rendezvous maneuvers. 

Mgure 18 presents R, A, E fo r  a nominal 

Reentry sequence of events f o r  the GO/NO-GO areas for Gemini VI are 
presented i n  Tables IV(a) through Iv(d). 
Table IV(a) are based on the nominal insertion vector. Table Iv(b) 
reentry data are based on a vector a f t e r  the nominal Ncl = 2 manewer. 
The reentry data of Tables IV(c) and IV(d) are based on a vector after 
the nodmil spacecrart separation maneuver of 7 f’ps a t  GET of 18:27:0. 

The reentry data in 

4.0 CONCLUSION 
t, 

It should be noted that reentry data presented i n  t h i s  Appendix are 
subject t o  updates due t o  changes i n  maneuvers, spacecraft weights, 
aerodynamics, and other constants. Presented in Table V are the 
latest  t ra jectory and spacecraft constants f o r  Gemini V I  t ha t  were 
defined af ter  the calculations for  t h l s  Appendix were completed. . 
Random check cases were run w i t h  the abave mentioned Table V Constants 
and no significant changes i n  re t rof i re  times were noted. 
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u Time *Om Geodetic Longitude Altitude Lift-off btitude 
(min:sec) (deg:min) (deg :min) ( f i )  

Event 

Lift-off 0o:oo 28:30 -8O:33, 
I 

i 

Pitch Rate Pro- NO. 1 S t a r t 6  00:23 28:s -80:33 2,473.8 

1 
1 

01:20 Maximum Dynamic 
~ressure (80 eec) 28:s -80:33 42,421’. 5 

I 
1 Pitch Rate Pro- 

g r a m  No. 1 R&t 
NO. 2. S t a r t 6  

01:28 2830 -80~27 53,038.3 

Pitch Rate Pro- 
gram No. 2 En& 01:B 28 :a -80:14 106,186.3 
NO- 3 stsrt~ 

1 
I 

BECO 02:g 28:27 -79~34 201,897.8 I 

Pitch Rate Pro- 
@- NO. 3 Gn& 02 :43 28 : 26 -79:25 217,190.8 

fnitiate Radio 
Guidance 

f 
1 -  02:48 28:25 
I 

05 :40 27:s -71 :44 527,709 

06:oo m 2 3  -70:23 926,969 

. I  
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1. 

2. 

3- 

4. 

5. 
6. 

7. 

8. 

9. 

I 

!ixBm I1 I 

OF SPACECRAFT CONSTAXITS AND 
TRAJEePORYDATAUSED1[NTHISAPPEZJDM 

92.8 

lrs. 
Launch azimuth 

Stag ing  time, 6ec 

Mode I1 abort lift profile 

Mode I11 abort lift profile 

Minimum retrofire delay time From SECO 

Nominal spacecraft separation time 

Spacecraft; weights as documented in the A v t  1, 1965, McDonnell 
Project Gemini Weight and Balance Report 

Retrofire attitudes for 

a. Launch abort 

R i l l  

Half 

80 sec 

l2.3 sec 

5 

Pitch -3; 
Yaw 180 
Roll 0 

b. From orbit 

Pitch -2OO 
Yaw 1 8 0 O  
Roll 0 .  

Nominal orbital parameters 
SECO + 20 

t, sec 360.53 
Vi'  fPs  25730.2 

Ye, deg - .01084 
i, deg 28.87 

h, fi 26969 0 .  

yi, de43 - .01026 

v e J  ms 24362.5 

INSERTION 

372.82 
25740.3 
- 000655 
24372 7 
-*Ww 
28.87 

s m 9  8 
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!l?ABm I1 (Continued) 

SECO + 20 INSERTION 
si, dee; 100.014 100.444 

1, del3 -70.391 -69307 
r r  ft; 21437972 21437932 

rb,, deg 27-90 27-23 

10. Mininnrm perigee altitude for "apogee kick" computation, 
nautical miles 75.0 

ll. Reentry aerodyaamics as computed F r o m  c.g. in the August1 
McDonnell ProJect Gemini Weight and Balance Report 

cL cD Msch 
Nuaiber 
0 

a 5  
07 
.8 
95 

1.2 

1.5 
1.83 

.1 
1087 

.1605 

1789 
-2295 
3494 
.a81 

.1&8 

- 1.0 
1.0806 
1.1405 
1.1682 

1.295 
1.4198 

1.5340 
. 1.5492 

2.26 .2147 1.5901 

4.86 1073 1 6368 
6.86 -1127 1.6314 

2.98 .io16 1.5951 

9.65 
15.0 

25.0 
20.0 

2' = 137.07 
x = 0.19 
y = -1.39 

1375 1.6381 
-2166 1 6887 
02420 . 1.6086 

02359 1.4939 

.* 

', r 

\ 10 

- ,  

R 

.. 

.- 

0 
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TABU3 XI (Concluded) 

12. Reference area in orbit % in orbit 
K factor 

13. Chute times K feet to splash 
Chute times 10 K feet to splash 

14. Maximum N available for Mode El 

ll0.5 ft2 

75 
2.0 

00:06:04 
00:04:21 

B-7 
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GEOIIETE LATITUDE AM> LONGITUDE OF TBE 
PRIMARY AM) CONTXNGEZiCX GEMINI VI RECOVERY mAS 

1 1-4 24:lO N 
2 2-1) 28:P N *- 

. 3 5 4  28:30 m 
4 4-4 24:lO N F 

5 5-3 27:20 N 
6 6-3 28:55 N 
7 7-3 2 6 : ~  N 
8 8s 1g:OO N 
9 9D 4:OO N 
10 10-2 ll:lO N 
u U-2 21:30 N 
3.2 12-2 2730 ro 
13 13.1 24:OO B 
14 14-1 28:s B 
15 . 15-1 28:w N 
16 16-1 24:OO N 
17 17-4 29:OO N 
18 18-4 26:50 N 

19 19-3 24:OO m 
20 20-3 28:30 N 

21 21-3 28:30 N 
22 22-3 24:OO N 
23 2% 1:OO N 
24 241) 7:30 N 
25 25-2 14:N N 
26 26-2 24:OO N 

147:OO W 1A 
147:OO W 2D 

147:OO W 
147:OO W 4D 

136:OO E 6D 

136:OOE 8D 
14:OO W 9B 

136:OO E rn 

136:OO E P 

25:oo w icm 
29:20 w ~ I B  
25:oow ~ Z B  

64:oow 1s 

64:03 w 1% 
64:@ W 14B 

64:OO W 16B 
147:OO W 1713 
144:55 W 18D 
1$:20 E 19D 
134:20 E 2 0  
134:20 E 2lD 
1 3 4 : X ) E  22D 

7:oow 2% 
17:30 W 24B 
2 8 : ~  w' 233 
27:m w 2 6 ~  

2630 s 53:OO E 
20:OO s 1O:OO E 
2 7 : ~  s E:20 E 
2 9 : ~  s 13:io E 

2630 s l2:W E 
20:OO s 1O:OO E 

1o:OO s 7:40 E 
1:OO N 3:OO E 
l3:OO S 173:OO E 
23:OO S 173:OO E 
25:OO S 157:OO E 

28:p S 157:OO E 
27:40 S 157:OO E 
16:OO S 173:OO E 

5:oo s 1 7 0 : ~  E 
1:OO S 154:30 E 
2330 s 12:OO E 
28:oo s l2:g E 
28:m s m 3 0  E 
23:30 S 12:OO E 

16:w S 9:OO E 
5:20 s 7:OO E 
6:OO.s 172:OO E 
7:40 S 173:OO E 
25:oo s 170:oo E 
2630 S 157:OO E 

I 

! 

01 
i I 
I 

. !  

I 

c 
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WLE I11 (Concluded) 

REV PRmARY coNTmENcx 
NO AREa 9D h AREA 9D x 
27 27-2 28:40 N 25:OO W 27B 2830 S 157:Oo E 
28 28-1 26:50 N 61:5Ow 28B 26:OO S 157:oO E 
29 29-1 29~00 N 65:OO w 2 g ~  U:oO S 173:Oo E 
30 30-1 26:50 N 61:5O W 3:OO S 163:00 E 
31 31-1 21:OO M 65:W w 
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T A B U V  

TABLE OF LATEST CONS1cANTS AND 
TRAJECTORY DATA FOR THE OEMINI vr MLSSIDN 

1. Launch azimuth, deg 92.8 

2. Stag- t i m e ,  sec 157 8 

3. Mode I1 abort lift profile fill 
I 

4. Mode I11 abort lift profile 

1 5. M i n i m  retrofire delay t i m e  from SECO 1 

Half 

80 sec 

6. Nominal spacecraft separation time 12.5 sec 

7. 

8. Retrofire attitudes for: 

Spacecraft w e i g h t s  as documented in the August 1, 1965, McDonneU. 
Project Gemini Weight and Balance R e p o r t  

i a. Launch abort 

Pitch -30: 
Yaw 180 
Roll 0 

b. born orbit 

Pitch -20: 
Yaw 180 
RoU. 0 

9. Nominal orbital para~~eters 
I .. 

* 
a 0  + 20 INSEBTION 

i 
t, sec 357 84 
vi 25730 

- . O l l 4  
24362 3 
- ,012 'e 

Ye 

370 384 

- .0045 
24372.5 
- .0047 

25740. 

. 
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TABLE V (Continued) 

SECO + 20 INSF,RT ION 

i 28.88 28.88 
h 527098. 526901. 
*i 99 94 100.377 
'd 27.410 ,27*257 
x - 70.520 -69.618 
r 21438065. 21438O25. 

10. M i n i m  perigee altitude for "apogee kick" computation, 
nautical miles 75.0 

11. Reentry aer-cs as received from McDonnell Septeniber 11, 1965. 

a. Begin of Mission Aerodynamics 

cD Mach 
Number 

-5 
*7  

95 
.a 

1.2 

1.5 
1.83 
2.26 
2.98 
4.86 
6.86 
9.65 

1.0817 

1.1685 
1.1404 

1.2351 
1.4140 
1.5310 
1.3470 
1.5881 
1 5937 
1 6349 
1.6303 
1.6356 

15 1 6735 
20. 1.6006 
25 1.4874 

cL 

.1u9 

.1516 

.1672 
,2241 
9 2359 
3544 
.3016 
.2213 
.11% 

3.239 
1266 
1563 
2385 
.2615 
.2522 

R 

I .  

I 

.. I 

I 



l3-a 

.' 

i 

!CABLE v (Concluded) 

2 = 137.07 
x = 0. 
y = 1.466. 

b. End of Mission Aerodynamics 

h c h  
r9umber 

-5 
. a 7  

.8 
-95 
1.2 

1.5 
1.83 
2.26 
2.98 
4.86 
6.86 
9.65 
15 
20. 
25 

= = 137.07 
x = 0. 
y = 1.486 

12. Refereace area in orbit 
% in orbit 
I factor 

CD 
1.0820 
1.19O3 
1.1686 
1.2350 
1.4l.22 
1.5301 
1.5463 
1.5874 
1.5932 
1 a 6341 
1.6299 
1.6338 
1.6673 
1.5982 
1.48% 

Q 

l>* dmte tim 50 K fbet to .pk& 
Cbufe tiares 10 It feet to mboh 

14. Maximum CJf available for wod. N 

. cL 

1141 

1536 
1693 
.2265 
2377 
3559 

.3@5 
2233 
.n64 
e1295 
1307 
.1632 
,2461 
e 2 6 6 8  
2569 

.* 

\ .  

110.5 f t2  

75 
2.0 

, 

i 

-. , 

i '  
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AFT NASA - MSC - FOD 
MISSION PLANNING & ANALYSIS DlVlSlW 

mtb. xcDcanaU 

10 
FLIGHT' ANALYSIS BRANCH 

F W 6 5  C. T. mh 

Figure 1 .- Effective thrust angles OF the orbit attitude and maneuvering system. 
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25.3 25.4 25.5 25.6 25.1 25.8 25.9 26.0 26.1 26.2 26.3 26.4 26.5 26.6 26.1 
Inertial velocity, V. , fps 

1 

r?) 
" W 

c- 

x Id 

figure 2. - Insertion velocity, fliahi-path angle and altitude required to achieve a 75 nautical mile perigee. 
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Keplerian pericd.7. min 
82. 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 

-- NASA. MSC - FOD 

25.3 25.4 , 25.5 25.6 25.7 25.8 25.9 26.0 26.1 26.2 26.3 26.4 26.5 26.6 26.7X10? 
Inertial velocity, Vi, fps 

h 

. .  

(a) 70 MUticSl mile altitude. I 

Figure 3. -True anomaly, attitude and perigee altitude as a .. tundion of inertial velocity and inertial flight-Mh angle for various altituas. 
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(b) 77 nautical mile altitude. 
Figure 3. - Continued. 
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(c) 85 nautical mile altitude. 
Figure 3. - Continued. 
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Keplerian period. 7,  min 
84 85 a6 a7 a a9 go 91 92 9 94 95 % 97 9a 99 

25.3 25.4 25.5 25.6 25.7 25.8 25.9 26.0 26.1 26.2 26.3 26.4 26.5 26.6 2 6 . 7 x i d  
Inertial velocity, Vi , fps 

(d) 87 nautical mile altitude. 
Figure 3. - Continued. 

1 

i 



1 

8-23 

F 
c 
a2 

m c 
- 
m 

Keplerian period, T. min 
84 85 86 87 88 89 90 91 92 . 93 94 95 96 97 98 99 

A 

. .  
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Inertial velocity. Vi , fps 

(e) 90 nautical mile altitude. 

Figure 3. - Continued. 
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Keplerian period, 7. min 
84 85 86 87 88 89 90 91 92 93 94 95 96 91 98 99 100 

- -Altitude of perigee, hp , n. mi - - - -Altitude of apogee, ha , n. mi. 

F 
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25.3 25.4 25.5 25.6 25.7 25.8 25.9 26.0 26.1 26.2 26.3 26.4 26.5 26.6 2b.7X1d 
Inertial velocity. Vi , fps 

(f) 95 nautical mile attitude. 
Figure 3. - Continued. 
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(g) 100 nautical pile altitude. 
Figure 3. - Concluded. 
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Figure 5.- Relative velocity and flight-path angle at 350 000 feet for 4 retrorockets firing from various orbits. 
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Figure 10. - Estimation of electromagnetic signal attenuation for spacecraft reentry into area 30-1. 
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